ed for no resection, and PSD in the other was incidentally found during the workup for a pontine stroke. The patient population consisted of 6 women and 4 men, ranging in age from 32 to 63 years (mean 47.3 years). Patient demographics, tumor locations, and presenting symptoms are listed in Table 1 . All patients had significant evidence of PSD on preoperative imaging studies. Eight cases (80%) were associated with enlargement of the sphenoid sinus, and 2 cases (20%) involved both the frontal and the sphenoid sinuses. The tumors ranged in size from a few centimeters to very large with significant associated intracranial edema (Fig. 1) .
Surgical Treatment
Three operative approaches to the tumors (in addition to unilateral and bilateral approaches) were performed (Table 2) .
Radiological Studies
In all cases the patients had preoperative CT and/or MR imaging with and without contrast, with a clear demonstration of enlargement in at least one of the paranasal sinuses. Eighty percent of the patients had expansion of the sphenoid sinus, and 20% had involvement of the sphenoid and frontal sinuses (Figs. 2 and 3 ).
Pneumosinus dilitans and meningioma: a case series and review of the literature
Results
The initial surgery resulted in a Simpson Grade 1 resection in 100% of the patients who underwent surgery and in whom the resection grade was known. The pathology of the resected meningiomas was WHO Grade I in all cases. Postoperatively, 7 of 8 patients had stabilization of vision or improvement in visual symptoms. There were 2 complications in this series, one related to the surgical procedure and one postoperative complication. One patient had an infected bone flap, which resulted in return trips to the operating room for bone removal and debridement of the surgical site. In the 7 patients with known follow-up, there has been no tumor recurrence. One patient had worsening right optic neuropathy with presumed tumor recurrence but no visible recurrence on MR imaging and was referred for fractionated radiotherapy ( Table 2) .
Discussion
Pneumosinus dilatans, first described by Meyers in 1889, is the abnormal expansion of the paranasal sinuses. 4 The term "pneumosinus dilatans" was introduced by Benjamin in 1918. 3, 6 In PSD there is enlargement of the paranasal sinuses, with expansion of the surrounding bone, without bony thinning or evidence of mucosal abnormality. Expansion can involve all of a sinus or just a portion; 6 this contrasts with pneumoceles, which have a loss of integrity of part or all of the bony sinus wall. 1 In previous studies, the frontal sinus has been described as being affected most often, followed by the sphenoid, maxillary, and ethmoid sinuses. In our series the most frequently affected sinus was the sphenoid sinus. The most common locations of meningiomas in this series were the planum sphenoidale and tuberculum sellae. This finding may represent a selection bias, as practitioners without expertise in skull base tumor resection often refer patients with planum sphenoidale and tuberculum sella meningiomas to our centers for evaluation and treatment.
Patients will frequently present with symptoms of changes in facial contours, pain in the affected area, diplopia, visual loss, headache, or symptoms of local pressure. Examination can reveal frontal bossing, orbital roof elevation, displacement of the globe, ptosis, and anosmia. 1, 2, 5 The etiology of PSD is not completely understood. Pneumosinus dilitans has been associated with fibroosseous disease, arachnoid cysts, and intracranial meningiomas. One proposed mechanism in the formation of PSD includes a ball-valve mechanism of the sinus ostia leading to sinus expansion. However, this theory has been challenged given the fact that there are many cases with normal sinus ostia intraoperatively. 6 Other mechanisms that have been proposed include chronic air trapping or chronic inflammation. Note, however, that frequently there is no evidence of inflammation intraoperatively. In our cases series no patients were found to have chronic inflammation or mucosal abnormalities of the sinuses. In all cases the presence of a meningioma was thought to be the cause of enlargement of the sinus.
Conclusions
From this series we hope to raise awareness of the association between PSD and meningioma. Prior to the wide availability of contrast-enhanced MR images, PSD on other imaging modalities was an important diagnostic indicator. In our opinion, the presence of PSD of the sphenoid sinus essentially guarantees that an overlying tumor is a meningioma. Pneumosinus dilitans never occurs with pituitary adenomas, malignant tumors, or suprasellar masses other than meningiomas. Although previous papers have indicated that the frontal sinus is most often involved in PSD, in this series the sphenoid sinus was far more commonly affected. Recognizing that the anatomy of the sinuses can be distorted in patients with skull base meningiomas, especially those with associated PSD, is important to avoid complications such as CSF leakage. Surgical removal of the meningioma resulted in stabilization or improvement in visual symptoms in nearly all patients with preoperative visual symptoms. The presence of PSD was not associated with a higher histological grade (atypical/malignant) of the meningioma removed. Surgical removal of meningiomas along with PSD has a low complication rate in this series, and complete resection with no need for further treatment is likely to be achieved.
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